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I N T R O D U C T I O N 
Ornamental plants occupy a unique position in the plant 
world as they provide aesthetic satisfaction to man by their 
perfume and attractive flowers. Floriculture, an established 
discipline of plant sciences has assumed a very profitable trade 
throughout the world and especially in developed countries. 
Besides ornamental value of some plants, they are now grown on 
a large scale as economic crops such as sunflower-a major oil 
seed crop and some are cultivated for medicinal use e.g. poppy. 
Plant pathogens adversely affect the aesthetic value of ornamental 
plants. Viruses have a significant importance among the plant 
pathogens because of their persistance in the plants and the 
absence of therapeutic measures against them. Furthermore they 
are carried into the progenies of the vegetatively grown ornamental 
plants. 
Viruses infecting ornamental plants have not only attracted 
the attention of man because they reduce the economic trade of 
floriculture by causing severe losses, reduction of growth, number 
and size of flowers and the aesthetic quality of foliage and 
flowers of infected plants, but also becuase the infected ornamentals 
serve as reservoirs of inoculum for the economically important plants. 
Viruses thus are a potent threat and limiting factors in cultivation 
of ornamentals and other economically important plants. 
Many ornamental plants are affected by some of the same 
viruses that effect crop plants (e.g. tobacco mosaic viruses, tomato 
ringspot and cucumber mosaic viruses) and develop symptoms that may 
be similar to or quite different from those produced in crop 
plants infected with these viruses. Some viruses become specific 
to a particular genus or family of ornamental plants. Viruses 
infecting the ornamentals are worldwide in distribution, however 
some are restricted to a particular continent. Viruses are trans-
mitted to ornamental plants by aphids, nematodes, whiteflies and 
by contact or through sap. Carnation etched ring (Smookler S, 
Loebenstein, 1974), Carnation vein mottle (Kassanis, 1955), 
Dahlia mosaic (Brierly & Smith, 1950; Brunt, 1971), Iris mild 
mosaic (Loebenstein & Alper, 1963) Narcissus yellow stripe (Macove 
& Docea, 1979) viruses are examples of aphid transmitted viruses 
in ornamental plants. Brome mosaic, Arabis mosaic (Fritzsche, 1975 
and Fritzsche & Schmidt, 1963) and Abutilon mosaic are examples of 
nematode and whitefly transmitted viruses, respectively. A large 
number of viruses are sap transmissible to ornamental plants or 
get transmitted by contact e.g. Cactus virus X (Brandes and Bercks, 
1963; Attathom et ^ . , 1978 and Fudl-Allah _et al., 1938), Carnation 
mottle virus (Smookler & Loebenstein, 1974), Cymbidium mosaic virus 
(Jensen, D.D. 1951), Odontoglossum ringspot virus Jensen & Gold 
(1951), Pelargonium leaf curl virus (Vovlas & Grigoriu, 1977 and 
Peony ringspot and Hydrangea ringspot viruses (Smith, 1972) get 
transmitted by pruning knife. 
Most of the ornamentals are annuals and are grown in 
nurseries, kitchen gardens, in porch boxes etc. Petunia is allied 
to Nicotiana of family Solanaceae. A genus of about 40 species of 
hardy annuals and perennials, originated in S. America and latter 
changed almost beyond recognition due to extensive cross breeding. 
The plants are tufted, erect to decumbent, often sticky glandular, 
hairy with alternate to lanceolate or ovate leaves and solitary 
funnel or salver shaped flowers in the upper leaf axils. The plant 
has a spreading habit with long trailing branches about 1-3 feet 
long and rising to one or lV-2 feet above ground. This hardy plant 
is well adapted to various types of soils and moisture conditions 
hence it is one of the few very popular flowers without which a 
garden seems to be incomplete. Petunias became popular a hundred 
years ago when they were improved by hybridizing in Europe, notably 
in France and Germany. The cultivated species are P. axillaris. 
P. inflata and P. violacea. P. hybrida - a large complex group of 
hybrid cultivars, have been derived from P. axillaris and the 
allied and similar P. inflata and P. violacea. The more popular 
varieties of _P. hybrida are Multiflora. qrandiflora. Nana-compacta 
and Pendula:. 
Almost all the ornamental plants are infected by viruses 
but Petunia particularly is severly attacked by many viruses. Its 
varieties in general and the choice double and fringed ones are 
often severely attacked by viruses. The leaves are sometimes so 
crtUBpled and deformed that it becomes difficult for the plant to 
make growth. Eventually one or two deformed flowers appear on the 
stunted stems. Rarely, some garden beetles and aphids also feed 
on the leaves and serve as virus vectors to healthy petunias and 
other plants growing in the vicinity. The viruses affecting Petunia 
are usually sap transmissible. Petunia mosaic, petunia vein clearing 
and petunia mottle viruses are the important ones. In the present 
study an attempt has been made to review the literature on the 
viruses and virus diseases of Petunia hybrida Lin. However, it may 
not be a complete record of virus diseases on Petunia because of 
lacK. of availability of literature. A wider coverage of literature 
would add many more citations. 
R E V I E W O F L I T E R A T U R E 
Innuonerable viruses have been reported to infect petunia 
both under natural as well as experimental conditions. An attempt 
has been made to review the literature pertaining to virus infec-
tions on Petunia. The chapter is divided into two parts on the 
basis of the infection caused to Petunia plants by viruses under: 
1. Natural conditions 
2. Artificial conditions 
Virus infections on Petunia under Natural conditions : 
The occurence of a mosiac disease on Petunia was for the 
first time reported by Bewley (1922). However no detailed studies 
were made by the author regarding the host range, transmission 
and the biophysical properties of the causal organism. 
While investigating a disease of Petunia hybrida evidently 
of viral origin Russell (1934) reported the presence of dark 
concentric rings or target shaped lesions on the diseased plants. 
The virus was transmitted to Antirrhinum ma1us. and induced well 
defined faint rings on the foliage. Harris (1939) also reported 
a virus disease on Petunia in Salinas valley. 
Two strains of petunia mosaic virus were reported from 
Taihoku, Japan by Matsianoto (1935) and Matsumoto and Hirane (1939). 
The strains were designated as (A) and (B). Strain (A) produced 
more conspicuos vein-clearing in the incipient stage of disease 
than the strain (B), accompanied by chlorosis of raesophyll tissue 
along the veins. The virulence of strain (A) was found markedly 
less than that of (B), the incidence of infection in inoculation 
experiments being under 20% even at a concentration of 1 in 50 
(unfiltered juice and nil at 1 in 100). The infectivity of the 
strain was further reduced by passage through a Berkefeld filter 
(N). Both strains were capable of attacking tomato, tobacco, 
Nicotiana affinis (N, alata) and N. sanderae. The severity of 
symptoms was quite distinct and well characterised in case of (B) 
which was represented by severe necrosis in places of a relatively 
mild foliar mottling as in case of strain (A). In serological tests, 
Str. B. showed very close relationship with ordinary tobacco mosaic 
virus and appeared to be identical with TMV, whereas (A) reacted 
quite differently being unable to produce antibodies to any 
appreciaole extent and failing to respond to the antisera prepared 
from (B) or the tobacco mosiac virus. The leaf tissues of Petunia 
and tobacco plants infected by Str, (B) contained the vacuolate 
bodies and plate-like crystals associated with tobacco mosiac, 
which have in no case been found in foliage attacked by (A). 
Cytological studies therefore give useful data for the differen-
tiation of two Petunia mosaic strains (Matsumoto & Hirane, 1939), 
Brierley (1944) published a list of 74 viruses according to the 
generic names of their hosts. The list included Petunia mosaic 
virus causing mosaic disease of Petunia. Ryzhkov (1964) studied 
the virus diseases of Petunia and some other plants in USSR. The 
author stated that the glass house petunias were naturally infected 
by an unidentified mosaic virus. The leaves were light yellow 
to white and greatly deformed and the corolla was poorly developed. 
Certain petals formed after disintegration of the sympetalous 
corolla were able to grow at the edges, initiating a sympetalous 
corolla with a single petal. With artificially introduced 'stolbur 
disease' the septum remained for a long time, while bunches of 
leaf-shaped ovules, developing from the base of the carpels were 
present in each locule of the ovary. 
While investigating a mosaic disease of Petunia prevalent 
in the flower beds of lARI, New Delhi, India, Misra 8, Chenulu 
(1966) reported that the disease was characterised by conspicuous 
mosaic mottling of the infected leaves, stunting and reduction of 
the foliage. The virus was transmitted mechanically by sap 
inoculation. It was also transmitted by the aphid. Aphis qossypii. 
The virus had a restricted host range confined to a few members 
of the family Soianaceae, The virus infected Nicotiana tabaccum 
CVS. White Burley and Harrison special, N. qlutinosa. H. rustica 
and Capsicum annuum. It failed to infect 50 other plant species 
belonging to 10 families. The thermal death point of the virus 
was 60°C. The dilution end point was 1:200 and longevity in vitro 
was 96 hrs. at room temperature {25-30°C) and 108 hrs. at 7°C. 
The virus in infected leaves withstood freezing for 144 hrs. and 
desiccation for 96 hrs. at room temperature (25-30°C). The virus 
when compared with several other viruses reported to cause mosaic 
on petunia either naturally or under artificial conditions appeared 
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to be a Str. of Chilli mosaic virus of Jha & Raychaudhuri (1956) 
or Petunia yellow mottle of Rubio and Rosell (1959). However, the 
authors could not establish a strain relationship with these 
viruses as their cultures were not available. 
Studied were made on a virus causing mosaic disease on 
Petunia in NBRI Lucknow. Raizada et al. (1984) identified the 
causal organism and tentatively named it as Petunia mosaic virus. 
The virus was easily sap transmissible but not by aphids or whiter 
flies. The virus infected systemically Nicotiana tabaccum cv. 
White Burley and Samsun NN, Nicotiana qlutinosa, Dorotheanthus 
bellidiformis. Hyoscyamus nioer, Solanum incanum and caused 
localized infection on Chenopodium amaranticolor and C. album. 
The virus in crude sap was inactivated when heated at 70°C for 
10 min or diluted to 10~ or stored for 4 days at 30°C and 7 days 
at 4°C. In detached leaves, infectivity was retained for 7, 120 
and 15 days at 27°C, 4°C and -10°C, respectively. A purified 
sample had adsorption maxima at 260 nm and minima at 245 nm. 
Based on spectophotometeric data, nucleic acid percentage in the 
virions was C 7%, Particles were slightly curved rods, measuring 
660 X 15-17 nm. The virus reacted positively with an antiserum 
to potato virus S(PVS) and hence it was regarded as a serotype of 
PVS, a member of carlavirus group. Raizada & Singh (1981) 
standaixiized C. amaranticolor as a local lesion host for petunia 
mosaic virus. The standardized procedure for obtaining increased 
number of local lesions included a uniform carborandun spray. 
pre-inoculation darkness and post-inoculation washing of 
C. aroaranticolor leaves with distilled water at different 
intervals. However, detopping before virus inoculation reduced the 
number of local lesions, A procedure for purification of Petunia 
mosaic virus was standardized by Raizada £t al_., (1983) and 
Singh et aJL. (1983). The procedure involved clarification by 
macerating the infected tissue directly with a mixture of diethyl 
ether, carbon tetrachloride and phosphate buffer, and concentrating 
the virus from clarified sap by differential centrifugation. 
Precipitation of virus by polyethylene glycol and MaCl and 
ammoniun sulphate gave unsatisfactory results. High speed centri-
fugation for a period exceeding 30 minutes resulted in loss of 
virus which the authors attributed to the breakage of particles 
or their aggregation during the sedimentation process. 
Natural occurence of Petunia asteroid mosaic virus (PAMV) -
a strain ot tomato bushy stunt virus was first recorded on Petunia 
in Italy by Lovisolo (1957a). The leaves of the Petunia plants 
developed a mosaic spotting, malformation, and necrotic rings, 
mosaic was sometimes present on the stem also. The affected plants 
were small and bushy and either failed to flower or bore deformed 
and abnormal flowers, often with mosaic symptoms. The disease was 
transmitted by sap inoculation, from affected petunias to 34 
species of plants, representing 28 genera and 11 families. All 
plants except Petunia, tomato and Datura stramonium, exhibited 
local lesions only, Basil (Ocimum basilicum), highly susceptible 
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to the virus proved especially useful as a test plant, developing 
numerous distinct lesions, being immune from infection by tomato 
mosaic virus and reacting to cucumber mosaic virus by mottling. 
By reason of the symptoms produced on the test plants and its 
other characteristics, the virus was identified as tomato bushy 
stunt. Myzus persicae was found to transmit the virus from chilli, 
pepper and Petunia to Petunia plants. In an electron microsopical 
study of this strain and the type virus no difference in morphology 
or size could be detected (Lovisolo jet al.., 1967). From electro-
phoretic and immuno-chemical studies of the two viruses it was 
suggested that there may be differences in percentage of necleic 
acid and in their protein components (Lovisolo et ^ . , 1964). 
Lovisolo et al. (1965) reported soil transmission of Petunia 
asteroid mosaic virus. Healthy petunias were planted in soil in 
which infected plants had been grown, or in sterilized soil, to 
which a suspension of virus or chopped infected leaves had been 
added. The plants acquired the virus, which was demonstrated in 
the roots 13 days later. Symptoms were produced one month after 
transplanting or remained masked. The virus was also isolated 
from roots of Chenopodium album, melon, privet, Plantaqo major. 
Stellaria media in infested soil; melon, cucumber squash, petunia 
and Phaseolus vulgaris were found to be good 'bait' plants. 
PAMV was isolated also from water suspensions of soil from pots 
containing infected plants and had been found in clay soil after 
5V2 months without plants. The virus was apparently released from 
roots of infected petunias into the drainage water, most frequently 
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at 15-30 days after inoculation, but from 1 plant even after 
225 days. While making a survey of the only 'natural' source of 
the virus known (some large concrete pots in North Italy), it was 
shown that 21 of the 26 were infested, the virus occurred in roots 
o^ Petunia (16 of 19 pots), privet (17 or 24) and weeds (2 of 8). 
Aphid and seed transmission was not reported and no nematode 
vectors were found in the infested soil. Although PAMV appeared 
protected by clay soils and petunia roots were supposed to get 
infected in the absence of vectors, the possible existance of a 
vector in naturally infested soil was suspected and by analogy 
with viruses such as tobacco necrosis a chytrid fungus may be 
involved, Koenig et ad. (1989) reported the isolation of Petunia 
asteroid mosaic virus from ditches and drainage canals in palati-
nate grapevine growing area of the GFR. 
The name Petunia mottle was proposed to a mechanically 
transmissinle virus found infecting Petunia hybrida in Madrid, 
Spain (Rubio & Resell, 1959). The virus produced bright yellow 
mottle in the leaves and dark rings in the discoloured corolla. 
The virus when inoculated on tobacco produced brown necrotic 
lesions in the inoculated leaves and did not become systemic. 
In petunia inclusion bodies comprising of virus particles and 
amorphous material were observed under electron microscope. The 
virus has not been reported to be seed borne. Thermal inactivation 
point and dilution end point were 50-55 C and 10" , respectively. 
There were no further reports on the virus infection of Petunia 
12 
mottle virus, for about two decades, until Naqvi 8. Mahmood (1976a) 
studied a virus disease of Petunia hybrida Vilm. in the campus of 
Aligarh Muslim University. The authors named the causative agent 
as Petunia mottle virus. The virus was readily transmitted by 
sap and aphids (Aphis qossypii Glov. S, Myzus persicae sluz.). 
The virus produced localised and systemic symptoms in 11 plant 
species while 4 other species were symptomless carriers. In crude 
sap the dilution end point and thermal inactivation point were 
bwtween 10" and 10 and 55°C and 60°C, respectively. The virus 
remained infective in crude sap at 10°C for 72 hrs and at room 
temperature for 36 hrs. The virus reached max. concentration in 
Petunia 10 days after inoculation. The virus varied in many 
respects with the other viruses reported on Petunia. The virus 
is distinct from potato virus Y in its ability to infect Datura 
stramonium systemically which is immune to potato virus Y. Petunia 
mottle virus of Naqvi & Mahmood (1976a) resembled several viruses 
on chilli (Dale, 1954, Jha & Raychaudhuri, 1956) in certain 
physical properties in plant sap, but differed from these in its 
ability to infect chilli. The virus differed from Petunia yellow 
mottle (Rubio & Rosell, 1959) in its reaction on Nicotiana 
tabaccum which it infected systemically, whereas Petunia yellow 
mottle virus produced necrotic lesions on this plant. Petunia 
mosaic virus of Misra & Chenulu (1966) infected chilli and did 
not produce local lesions on Chenopodiim amaranticolor while 
petunia mottle did not infect chilli but produced local lesions 
C. murale and C. amaranticolor. The two viruses also differed 
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from each other, the former being transmitted only by Aphis 
qossypii while, the latter by A. qossypii as well as Myzus 
persicae. It differed with the virus of Ranishyama & Verma (1969) 
in not producing ringspot on any variety of tobacco. Naqvi et al. 
(1978) investigated some physiological changes in Petunia as a 
result of infection caused by Petunia mottle virus. In the virus 
infected leaves an increase in nitrogen and phosphorous and 
decrease in the potassium levels was noted. There was a general 
retardation in plant growth which directly correlated with the 
duration of infection. Abbas (1977) studied the nucleic acid 
changes in Petunia roots infected already by Petunia mottle virus. 
The infected plants showed an increase in the RNA content inside 
the roots as compared with the uninoculated control; however the 
maximum increase 81.2% was noted in the plants inoculated 10 days 
before the harvest and least 37.3% in the plants inoculated 40 days 
before harvest. Though the DNA content also showed an increase in 
the roots as compared to uninoculated (control), maximum increase 
42.6% was observed in plants inoculated 40 days before harvest and 
minimum increase 5.7% in the plants inoculated 10 days before 
harvest. Raizada et al. (1979) studied a virus disease of Petunia 
hybrida at NBRI Lucknow, The virus named as yellow strain of 
Petunia mottle virus caused light green to dull yellow mosaic on 
the leaves during winter and in summer the yellow patches turned 
white and covered the entire leaf surface. The infected plants 
were dwarfed and produced small pale flowers, some plants died 
without blooming. The virus isolated was transmitted mechanically 
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to Chenopodium amaranticolor. C. album, tobacco, Nicotiana 
qlutinosa and Datura metel but not to 27 other plants tested. 
-3 In crude sap the virus lost infectivty when diluted to 10 heated 
at 60°C for 10 minutes and stored at 28°C for 48 h or at 10°C for 
8 days. The isolate was shown to differ from Petunia mosaic virus 
producing local lesions on C. amaranticolor and D. metel and to 
have a different host range from Petunia mottle virus of Naqvi & 
Mahmood (1976). Naqvi et^  £1. (1983) while reinvestigating a disease 
of Petunia at Aligarh found occurence of a new strain of petunia 
mottle virus (PMV) (Naqvi et al., 1976). The new strain differed 
from its original strain in biophysical properties and host range, 
however, it was shown to be serologically related to the original 
PMV strain. 
Natural occurence of Petunia ringspot virus on Petunia 
in Madrid Spain was reported by Rubio (1959). On inoculation to 
tobacco, Nicotiana qlutinosa and Petunia sp. the virus produced 
systemic infection but does not infect Datura stramonium, tomato. 
Capsicum frutescens, cowpea, Viqna sesquipedalis. or bean 
(Phaseolus vulgaris). The virus was sap transmissible and the 
particles were rod shaped. Effect of temperature on the symptoms 
of Petunia ringspot virus was studied by Rubio (1962). Two strains, 
masked and necrotic of this virus were inoculated on broad bean 
plants and kept at 25-35°C. In common with the normal str., the 
masked str. induced amorphous and crystalline inclusions in the 
epidermal cells and below 22°C inoculated plants showed normal 
symptoms. The necrotic str. produced severe top and stem necrosis. 
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and the plants died 10-12 days after inoculation. Abnormal 
paracrystalline inclusions were observed. Below 22°C there was 
no recovery and the normal strain reappeared only after 3 serial 
inoculations to young broad bean plants at such temperatures. In 
the cells of Petunia, tobacco and ^jicotiana qlutinosa. infected 
by Petunia ringspot virus both amorphous and inclusion bodies 
were observed under electron microscope. In broad bean cells there 
were rod shaped virus particles, x-bodies and crystalline inclusions 
cross sections of which showed a honey comb hexagonal structure 
(Rubio, 1962, 1965). The natural infection of Petunia by Petunia 
ringspot virus was also reported by Doel (1973) from England. In 
1975 the author worked out comparative properties of type, 
nasturtium ringspot and Petunia ringspot strain of broad bean wilt 
virus and found particles measuring 27 nm in diameter in the 
purified preparations of these viruses. Mali et al^ . (1977) for 
the first time from India reported the natural infection of 
Petunia ringspot virus on Petunia. 
Ultrastructural studies of petunia cells infected by 
petunia vein clearing virus - a possible member of the caulimovirus 
group, were carried out by Lesemann & Casper (1973). The infected 
petunia cells contained rounded inclusion bodies a few pm in 
thickness which consisted of a heavily contrasted fairly granular 
matrix containing highly contrasted vacoule like areas. No 
membranes were associated with the virus containing regions and 
were sometimes arranged in several concentric layers. The virus 
particles were 43 nm in diameter in negatively strained crude sap 
16 
and 46 ntn in ultrathin sections. Natural occurence of potato 
virus Y was reported on Petunia in Lithania, USSR (^Aakutenaite, 
1971). 
Broad bean wilt virus had been isolated from petunia 
plants showing mosaic symptoms in Pars province of Iran (Parvin & 
Izadpanah, 1978). The virus was identified on the basis of host 
range, transmission, particle morphology and serology, and was 
shown to resemble the Australian strain in its symptoms on pea, 
tomato. Petunia. Chenopodium spp. and snapdragon and in not 
infecting Trppaolum. Mung bean (Viqna radiata) was a local lesion 
host. 
There are several reports of infection of cucumber mosaic 
virus on Petunia. Chester (1938) investigated mosaic disease of 
viral origin on greenhouse petunias and the virus was identified 
to be a strain of cucumber mosaic virus. Several hundred young 
potted Petunia transplants in a green house showed almost 1009^  
mosaic, the symptoms were reported to vary in severity but 
resembled those of tobacco mosaic and consisting of green mottling 
with conspicuous stunting. On inoculating the virus to Turkish 
tobacco plants, no clearing of veins occured until the eleventh 
day. Subinoculations from these tobacco plants and inoculations 
from the affected Petunia plants to Nicotiana glutinosa produced a 
systemic disease, but no local lesion formation characteristic of 
tobacco mosaic was reported. Inoculated cowpea plants produced the 
small, punctate, local necrotic lesions characteristic of cucumber 
mosaic. On this basis the virus was considered to be a str. of 
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cucumber mosaic virus. While studying a disease of ornamentals 
Bisht (1962) reported the occurence of a str. of cucumber mosaic 
virus on Petunia causing mosaic symptoms. The virus was reported 
to be transmitted by Myzus persicae, Blaszczak (1976) studied 
some plant diseases in Poland and reported the occurence of 
cucumber mosaic virus on Petunia. Based on physical properties, 
host range, transmission and serodiagnosis, a mosaic disease of 
Petunia was worked out to be caused by cucumber mosaic virus 
(Prakash & Joshi, 1979), Petunia hybrida was reported to be a 
natural host of cucumber mosaic virus (CMV) and artichoke latent 
virus in Apulia (Franco 8. Gallitelli, 1985). The infected plants 
showed chlorotic mottle of leaves and discolouration of flowers. 
Electron microscopy of infected tissues revealed filamentous and 
isodiametric particles. The virus of the first type was identified 
by immuno electron microscopy as ALV, while that of the 2nd type 
reacted against an antiserum of CMV. Field symptoms on Pet^ jnia 
were reproduced by mechanical transmission of both the viruses. 
Natural occurence of cucumber mosaic virus was also reported from 
NewZ,ealand Fletcher (1987). A strain of cucumber mosaic virus 
causing necrosis of Petunia hybrida in India was identified by 
Alka et al. (1992), The virus was characterised on the basis of 
transmission, mol. weight of proteins subunits, particle size, 
serological relationship and ISEM. 
Phillips (1940) found the natural occurence of tobacco 
leaf curl virus in petunias. McClean (1940) observed some leaf 
curl diseases in South Africa, The disease was probably of viral 
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origin and was transmitted by grafting to tobacco, Nicotiana 
qiutinosa. tomato and petunia. It was distinguished from leaf 
curl of tooacco, in its failure to induce a yellow network or 
any form of chlorosis in the early stages of infection in all 
the above mentioned hosts; the continuous type of enations on 
tooacco leaves; the excessive distortion of tobacco leaves; the 
well marked enations of N. qiutinosa and tomato; the development 
of petal like outgrowths on the corolla tubes of petunias, but the 
virus failed to infect Datura stramonium. 
Infection of petunia leaves with a strain of tobacco mosaic 
virus was studied by Eskarous & Habib (1971). The shape and the 
anatomy of the leaves was abnormal. A strain of tobacco mosaic 
virus was isolated from naturally infected petunia plants growing 
in the Primore region of USSR (Gnutova et ad, 1980). The virus 
was compared with ordinary and Kazakh strain of TMV. The Petunia 
strain differed clearly from ordinary and Kazakh strains in 
symptoms, forms of inclusion, nature of virus protein accumulation 
and antigenic properties. The main difference in symptoms were 
noted on Samsun and Java tobacco and Petunia hybrida. 
Watson (1949) working on a virus disease of Petunia 
hybrida. identified the causative agent of the disease provisio-
nally to be a strain of tobacco ringspot virus. Ranishyama et al. 
(1969) studied a virus disease of petunia plants. The naturally 
infected petunia plants were characterised by darkgreen mosaic 
mottling and a few scattered yellow or white areas on the leaves. 
The virus was identified to be tobacco ringspot virus. 
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and P^tH-a sPP. - ^^ .....nguishing virus 
and sometimes the plants are 
strains. 
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Virus Diseases of Petunia Under Experimental Conditions : 
Innumerable viruses have been reported to infect Petunia 
under experimental conditions. These viruses infected Petunia 
both by mechanical inoculation and by biological means. In this 
review those with limited information have been omitted. The 
viruses causing diseases in Petunia after inoculations have been 
arranged in alphabetical order according to their host genera. 
Viruses which are usually sap transmissible are described first. 
Abutilon mosaic virus was reported to cause infection on 
Petunia when inoculated (Rao 8. Verma, 1964). Arabis mosaic virus 
was shown to be sap transmissible to P. hybrida (Schad, 1962). 
Gerola et _al. (1965) in their serological and electron 
microscopical studies of Arabis mosaic virus on P. hybrida 
reported that the virus infection caused a disarrangement of the 
chloroplast grana and integrana lamellae which form variously 
oriented curves. There was also a proliferation' of membranes 
and tubules in the cytoplasm. Arabis mosaic virus particles 
were visible in the phloem elements of the leaf veins where they 
aggregated in concentric layers. Roland (1968) reported systemic 
infection on Petunia hybrida by Arabis mosaic virus. Alfalfa 
mosaic virus (Berkeley, 1947; Conti et al, 1972); Allaria mosai 
virus (Papa et al. 1973); Amaranthus mosaic virus (Ramakrishnan 
1971) and Aspagragus virus (Fujisawa et al., 1983) are reported 
to infect Petunia in experimental conditions. All these viruses 
are sap transmissible. Majorana and Rana (1970) studied the hof 
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range and symptomatology of Atrichoke Italian latent virus and 
observed local and necrotic lesions on Nicotiana spp. and 
Petunia hybrida. 
Beet curly top virus with a wide host range was transmitted 
to the following species of Solanaceae. Capsicum frutiscens. 
Lycopersicon esculantum. Nicotiana rustica, Nicotiana tabacum. 
Solanum tuberosum and Petunia hybrida. Diseased Petunia plants 
became stunted with dwarfed cupped leaves and numerous secondary 
shoots and apical ends of the branches, which gave the veins a 
roughened appearance. The corolla of the flowers often failed to 
expand and became dry. In the latter stage of the disease plants 
became yellow and died (Severin, 1929). Beet ringspot virus 
(Harrison, 1957) and Beet Western, yellow virus (Duffus, 1960) 
were mechanically transmitted to Petunia hybrida. 
Belladona mottle virus with a wide host range of about 
28 species of family Solanaceae produced systemic symptoms' on 
Petunia hybrida Vilm (Paul et ad., 1968 and Harvath, 1981). 
Bidens mottle virus (Logan & Zettler, 1984); and Broad bean wilt 
virus (Stubbs, 1947; Gracia & Feldman, 1976) were mechanically 
transmitted to Petunia hybrida. 
Cabbage black ringspot virus isolated from turnip plants 
has been reported to be transmitted to Petunia hybrida and other 
hosts (Roland, 1952). McClean & Cowin (1952) investigated diseases 
of crucifers and other plants caused by cabbage black ringspot 
virus. Comprehensive studies were made on cabbage and cauliflower 
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and the virus isolated was readily transmitted by sap and by 
Brevicoryane brassicae and Myzus persicae to several hosts 
including Petunia spp. Bhargava 8. Joshi (1960) studied the virus 
diseases of Iberis umbellata, Matthiola incana and Hesperis 
matronalis. caused by cabbage black ringspot virus. Symptomless 
systemic infection was produced on Petunia hybrida after 
inoculation, while on Nicotiana qlutinosa and N. rustica symptom-
less local infection developed. Walker et al. (1940) found that 
cabbage mosaic ascertained to be caused by two viruses (A 8. B), 
when inoculated to Petunia. Delphinium, tobacco. Calendula and 
evoked mosaic symptoms. 
Carnation Italian Ringspot virus (Hollings et ad., 1970) 
and Carnation mottle virus (Hollings & Stone, 1964) infected 
Petunia hybrida Vilm. though no symptoms were produced by 
Carnation mottle virus. 
Investigations were made on a virus disease of carrot 
endemic in Australia by Stubbs (1952). Petunia (Rose of Heaven & 
Fluffy Ruffles) was found to be an experimental host of the 
carrot motley dwarf virus. The symptoms were most severe on 
young plants inoculated in winter, tan or buff necrotic ring and 
line patterns appeared (usally 15-18 days after inoculation) on 
the oldest leaves and progressed acropetally as these leave 
shrivelled and died. The older plants showed feeding lesions in 
the form of chlorotic blotches or slate or buff coloured necrotic 
areas. The systemic symptoms were in the form of light and dark 
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green mottle; necrotic shock symptoms were observed occassionally. 
The virus activity was found to be greater in Petunia sap than 
in tobacco extracts. Back inocuiationfrom solanaceous plants to 
carrot failed through sap, however dodder transmission of the 
virus was seen from diseased to healthy plants. The virus was 
transmitted from infected Petunia plants to healthy carrot plants 
through graft transmission but graft unions were not secured. 
A virus causing typical brown streak symptoms in cassava 
seedlings was mechanically transmitted to several solanaceous 
plants viz., Petunia hybrida Vilm. Datura stramonium L, tobacco, 
Nicotiana rustica L. and N. qlutinosa L. The virus was tentatively 
named as Cassava brown streak virus (Lister, 1959). The symptoms 
produced on Petunia hybrida were stunting, vein chlorosis and 
necrosis, and the plants were crinkled. Petunia was found to be 
the most susceptible host plant and was used in studies of the 
virus properties. Cassava brown streak virus was rather unstable 
in infected petunia sap with a longivity i_n vitro of less than 
24 hrs at 20°C. The infectivity of sap was drastically reduced 
after heating for 10 min. at 50°C and abolished by diluting 
1:1000 with water. 
Cherry rugose mosaic virus (Nyland, 1961) and Cherry leaf 
roll virus (Jones & Duncan, 1980) were reported to infect Petunia 
when transmitted mechanically. The former virus was found to be 
a str. of Prunus ringspot virus (Nyland & Lowe, 1964). 
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While studying the host range and biophysical properties 
of chilli mosaic virus, Jha and Raychaudhuri (1956) reported 
sap transmission of the virus to chilli, tobacco, Nicotiana 
qlutinosa. Solanum nigrum. Petunia hybrida. cucumber, Cucumis 
melo var. utilissimums and Datura stramonium. Mosaic symptoms 
starting from tip and spreading to the whole leaf were observed 
on Petunia hybrida. Mishra (1963) also used £. hybrida as an 
experimental host for chilli mosaic virus. The virus was mecha-
nically transmitted, several other solanaceous plants were also 
infected. The symptoms produced on Petunia hybrida Vilm. were 
veinal chlorosis and necrosis. 
Chrysanthemum virus (B) - a mechanically transmissible 
virus caused yellow local lesions on Petunia hybrida cv. Nana 
compacta. about three weeks after inoculation. No systemic 
infection was produced by this virus, which is possible only in 
the presence of chrysanthemum flower distortion virus (Noordam, 
1952). A new mechanically transmissible virus tentatively named 
as Chrysanthemum virus B (Noordam, 1952) was found on a plant 
of Chrysanthemum samaria. The virus was transmitted to Celestial 
variety of Petunia hybrida, Nicotiana qlutinosa and tobacco. 
Necrotic spots very characteristic, often concentric rings were 
developed on Petunia on the 14th day. Hollings (1957a) reported 
local lesion.formation on Petunia due to chrysanthemum Vein 
mottle virus and Chrysanthemum latent virus. Kristensen (1954) 
found Petunia to be infected experimentally by Chrysanthemum 
virus, and with Chrysanthemum mild mottle virus by Tochihara 
(1970). 
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The mechanically transmissible citrus exocortis virus 
has been transmitted to herbaceous plants viz.. Petunia hybrida. 
P. axillaris. P. violacea, Solanum aculeatisium. S. dulcamara. 
S, hispidium, S. inteqrifolium. ^. topiro, S. quitoense, 
Physalis floridana, P. ixocarpa and P. peruviana (Weathers et al.. 
1967). Petunia var. Burpee Blue and Physalis floridana have been 
used as differential hosts. The main symptoms produced on Petunia 
were stunting, leaf epinasty and necrosis of underside of veins. 
Cucumber mosiac virus infects Petunia both naturally as 
well as experimentally. Petunia as an experimental host was used 
for the first time by Wellman (1935), while studying the host 
range of Southern Celery mosaic virus. Diseased sap of the 
celery plants conveyed the disease to healthy Petunia plants. 
The infected plants of Petunia sp. var. Rosy morn, showed 
mottling in leaves, and appearance of some necrotic areas were 
observed. The stem internodes became much shortened and necrotic 
streak symptoms appeared occassionally. The leaf blade was much 
distorted and blossoms were few or absent. The virus was readily 
sap transmissible and was also transmitted by aphid (Aphis 
qossypii). Primary lesions developed first which later on became 
yellow and finally necrotic. Systemic symptoms became visible 
several days after the development of the primary lesions, and 
appeared in the form of vein clearing and finally mottling and 
stunting occurred. Sometimes stem necrosis also developed. 
Because of virus infection, flowers either partially developed 
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were 
or/unable to open completely. Though if opened normally, 
mottling streaks and necrotic rings were observed (Wellman, 
1935). Infection of Petunia hybrida by cucumber mosaic virus 
(Cucumis virus 1 of Smith, 1937) and by the inoculation of sap 
from diseased marrows or cucumbers, later found to be cucumber 
mosaic virus (Chamberlain, 1939), became prominent. 
Appearance of systemic mottling on Petunia hybrida 
after inoculation by sap from diseased plants of blue bell 
(Mertensia virqinica) was found to be caused by a strain of 
cucumber mosiac virus (Watson, 1949). Systemic infection of 
cucumber mosaic virus on P. hybrida was also reported by 
Silberschmidt 8. Herbas (1969). 
Delphinium ringspot virus has been reported to be 
transmitted to Petunia hybrida through sap inoculation as 
reported by Severin and Dickson (1942). 
Many viruses infecting Datura plants naturally, when 
transmitted to Petunia in glass house experiments caused 
diseases in these plants. Datura mosaic virus caused transitory 
mottling on P. hybrida (ICAR-New Delhi--1943). P.hybrida proved to 
be the only host plant of Datura virus 3A isolated from D. inoxia 
plants (Garga, 1958), as the virus was transmitted by mechanical 
means only to this plant besides D, inoxia. Datura distortion 
mosaic virus (Verma & Verma, 1963) and Datura virus 3B (Yaraguntaiah 
8. Govindu, 1972) were also reported to infect petunia after 
inoculations. Eggplant mottled dwarf virus was transmitted 
mechanically to Petunia hybrida (Martelli & Rana, 1970). 
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Sap from diseased grapevine leaves infected by grapevine 
leaf roll virus (Tanne £t al., 1974), conveyed the disease to 
Nicotiana sp. tomato, Capsicum and Petunia. Saric 8. Wrischer 
(1975) studied the structural changes caused by grapevine fan 
leaf virus in the hosts (Chenopodium amaranticolor. Nicotiana 
clevelandii and Petunia hybrida). 
Groundnut rosette virus isolated from groundnut plants 
in Yangambi, Congo was transmitted by aphid (Aphis craccivora) 
to Centrosema plumieri and Petunia Nana compacta, both of which 
developed chorosis and dwarfing (Vanderveken, 1961), 
While differentiating the strains of Lucerne mosaic and 
pea streak viruses Lucerne mosaic virus was transmitted to 
tobacco. Petunia hybrida. Datura stramonium, cucumbers and 
Ziania eleqans (Zaymeyer, 1938; Quantz, 1956). The virus is 
supposed to be a str. of alfalfa mosaic virus. 
Poplar mosaic virus (Brandes, 1963; Xiang £t al., 1984); 
Poppy mosaic virus (Turkogllu 8. Fidan, 1984) and Petunia 
asterioid mosaic virus have also been reported to infect 
Petunia hybrida when inoculated manually by sap. 
Potato virus X, isolated from turnip in Aligarh, India 
(Saraad £t al,, 1991) was transmitted mechanically to sixty plant 
speices belonging to nineteen families including family 
Solanaceae. The virus caused mosaic, mottling, leaf area 
reduction and leaf deformation in Petunia hybrida Vilm, 
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There are many reports that Potato virus Y can infect 
Petunia hybrida when used as an experimental host. Potato 
virus Y isolated from phulwa potato plants (Vasudeva & Lai, 
1945) infected P. hybrida. and several other solanaceous 
hosts. Potato virus x and potato virus Y isolated from the 
naturally infected tomato plants were mechanically transmitted to 
tooacco. Datura stramonium. Solanum nodifiorum and Petunia 
hyprida (Vasudeva et ad., 1949). Potato virus Y, isolated from 
Solanum iarminoides (Pushkarnath, 1952) from white Burley 
(Silberschmidt, 1959) from a hybrid potato (Break, i960) from 
tobacco (Canova & Tacconi, 1964), infected Petunia hybrida under 
laboratory conditions. Murayama et _al^ . (l953), Bailova (1965), 
Lee (1970), and Brunt S. Kenten (1971) have also reported 
P. hybrida as an experimentdl host for potato virus Y. Juo & 
Rich (1965) after inoculating the Potato aucuba mosaic virus to 
.Petunia, found it to be symptomless carrier for the virus. 
Petunia hybrid was found to be the only host, in the 
family Soianaceae, for Raspberry bushy dwarf virus (Barnet and 
Murant, 1970). The symptoms developed were chlorotic or 
necrotic local lesions, followed by symptomless systemic 
infection if the local lesions were chlorotic. While studying 
the raspberry diseases in Estonia Tiits (1962) used P. hybrida 
as an experimental host for Raspberry bushy dwarf virus and 
Raspberry vein mosaic virus. Studies were made on the raspberry 
leaf curl virus by Chambers and Fisken (1954). Isolates of the 
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virus from raspberry leaves when inoculated to Petunia plants 
and other solanaceous hosts produced ringspot symptoms. The 
virus when transmitted to Petunia and Nicotiana rustica 
produced ringspot symptoms while differentiating the viruses 
(Raspberry ringspot and tomato black ring virus). Harison 
(1958) found that symptoms induced by raspberry ringspot virus 
were different on Chenopodium amaranticolor, French bean 
(Phaseolus vulgaris) tobacco and Petunia. Furthermore the virus 
differed as found by serological and cross protection tests. 
Isolates from strawberry plants containing raspberry ringspot 
virus after inoculation caused infection to P. hybrida plants 
from which the sap was clarified for precepitin tests (Lister, 
1958). 
The growth of Petunia hybrida was much more reduced when 
infected by raspberry ringspot virus and nematode, simultaneously 
and less reduction was found due to the infection of either of 
the parasites alone (Fritzsche & Thiele, 1974). Petunia roots 
were found more readily infected by sap inoculation than those 
of cucumber and French bean, when infected by Raspberry ringspot 
virus (Debrot, 1964). However all the three plants were 
susceptible in soil to the nematode vector Lonqidorous macrosoma. 
Bujas & Milicic (1969) and Harrison et al_. (1972) also reported 
the experimental infection of raspberry ringspot virus on 
Petunia hybrida. Formation of amorphous inclusion bodies in the 
epidermal cells of Petunia hybrida by raspberry yellow dwarf 
virus was reported by Schade (I960). 
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Fulton (1952) while investigating mechanical transmission 
and peoperties of Rose mosaic virus found that the virus was 
transmitted from Rosa setiqera to cucumber and cowpea. From 
cowpea the virus was transmitted to 25 plant species belonging 
to seven families, including Nerium oleander, Vinca rosea, 
Cynara cardunculus, watermelon, squash, vegetable marrow, Petunia 
hybrida and others. The virus was sap transmissible. 
Sugarcane grassy shoot virus, transmitted to cowpea, 
sorghum, maize, spp, of Chenopodium and Nicotiana, Datura 
stramonium. Gomphrena qlobosa and Petunia hybrida. was reported 
by Singh & Rao (1965-66) from Coimbatore. Singh (1969) while 
studying the local lesion hosts for sugarcane grassy shoot virus 
found development of chlorosis on Petunia. The virus was sap 
transferred back to its host (var. Co. 419). When the diseased 
sap from Petunia, Co, 419 and maize was inoculated to Chenopodium 
amaranticolor and Nicotiana qlutinosa, appearance of local lesions 
was seen on these hosts. Sap transmission of strawberry green 
petal virus from strawberry plants to Petunia and other herbaceous 
hosts was tudied by Jha (1958). Cropley et ad. (i960) reported 
that strawberry mosaic virus and apple mosaic virus isolated from 
strawberry plants were transmitted by sap inoculation to 
herbaceous plants including cucumber, Chenopodium amaranticolar 
and Petunia hybrida. 
While studying the host range, serology and biophysical 
properties of sweet potato mosaic virus, Elmer (1957) reported 
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the transmission of virus to tobacco, the diseased sap of which 
conveyed the disease to tomato, Gomphrena. Vinca and Zinnia, 
in which mosaic symptoms were produced. Local lesions were 
formed on Nicotiana qlutinosa, I^_, rustica. Petunia and eggplant. 
Many authors have reported artificial infection of Petunia 
Dy tobacco mosaic viruses. Cesaroni (1953) made serological 
studies on cucumber mosaic and fern leaf of tomato in Italy. It 
was found that fern leaf of tomato is caused by a complex of 
tobacco mosaic and cucumber mosaic viruses, of which the former 
was transmissible from tomato to Petunia and Tropaeolum. Systemic 
symptoms were produced on Petunia after inoculation of TMV 
isolated from tomato fruits (Canova, 1957). 
Preliminary comparative tests were made on the symptoma-
tology of the virus diseased plants maintained after infection 
under artificaial and natural light. A comparison was made of 
the symptoms of tobacco and cucumber mosaic viruses on plants 
maintained under artificial (flourescent 12 hr/day) or natural 
light after inoculation on Chenopodium amaranticolor. Datura 
stramonium, tomato, Lycopersicon pimpinellifolium, Nicotiana 
qlutinosa. and tobacco vars. American Burley and Samsun, Petunia 
hybrida and Petunia species were inoculated by tobacco mosaic virus 
series. Cucumber mosaic virus was inoculated into chilli, 
Chenopodium amaranticolor. cucumber, tomato, N. qlutinosa, 
American Burley Samsun, tobacco and Petunia species. Symptoms 
were produced on all the plants and symptoms were almost 
identical on all plants kept under both form of light, however. 
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slight variations were found on tomato by tobacco mosaic virus 
and chilli by cucumber mosaic virus (Amici, 1959). Induction 
of primary local lesions in Petunia a str. of TMV isolated from 
tomato was observed by Mac Neill & Ismen (1960) and Mac Neill 
(1963) while studying the extreme severity of streak in green 
house and field tomatoes. The symptoms of the disease were marked 
above 26°C. Komuro _et al. (1966) isolated a str. of tobacco 
mosaic virus from tomato plants and inoculated it mechanically 
to Bright Yellow tobacco, Nicotiana sylvestris and Petunia. 
Local lesions were produced on all the plants. 
Studies were made on the relation of Stanley's crystalline 
tobacco virus protein by Beale (1937) in the intracellular 
in 
crystalline deposits/diseased cells associated with chlorosis 
and present in the living mosaic diseased Turkish and White 
Burley tobacco. Petunia sp., tomato. Capsicum and Solanum 
nigrum var, nodiflorum, by adding dil H2S0^, Hcl, acetic or 
nitric, acid or saturated-magnesium sulphate solutions. The 
crystalline plates were transformed into needles in all the 
hosts tested. It was suggested that the intracellular crystalline 
plates may be more complex in chemical compositions than Stanely's 
crystalline tobacco virus protein. 
Serological studies were made on TMV by Jankulowa (1970), 
isolated from grapvine in Balgaria. The virus reacted strongly 
to Gomphrena qlobosa and Nicotiana clevelandii. Substrains were 
differentiated after the virus was inoculated to certain tobacco 
vars, and Petunia nyctaqiniflora. Induction of local lesion on 
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leaves of some host plants infected with virus by a brief 
heat or cold treatment was noticed by Ohashi & Shimomura (1971). 
The leaves of systemic hosts Xanthi and Samsun tobacco and 
Petunia developed local lesions when immersed 2 days later in 
hot water (15°C) for 2 min. Similar treatment resulted in local 
lesion formation on Nicotiana qlutinosa and Petunia, when the 
leaves of these plants were inoculated by cucumber mosaic virus. 
The development of the local lesions was also found in the leaves 
of these hosts, if immersed 2 days after TMV inoculation, in ice 
water for 5 sec-2 min during incubation at 30°C. Similar treat-
ments occassionaily induced similar lesions in TfW inocu±ated 
leaves of the systemic hosts. Vela (1972) isolated a necrotic 
strain of tobacco mosaic virus from the field plants of Digitalis 
thapsi L. with mosaic and stunting symptoms. The virus when 
inoculated to tobacco var, white Burley, N. qlutinosa. N. 
sylvestris, N. rustica and Chenopodium spp., produced local 
lesions but in Petunia hybrida systemic infection was followed 
by vein and stem necrosis, leaf lesions and plant death. While 
making a comparison of symptoms on Nicotiana sylvestris and 
Betuftla hybrida after the inoculation of tobacco and tomato strs. 
of TMV, Ignash (1978) came to the conclusion that the virus 
isolates of the two hosts differed from each other. Hosokawa & 
Mori (1982) reported the multiplication of TMV, in floral parts 
of Petunia hybrida, under experimental conditions. Electron 
microscopic studies of virus distribution in floral organs and 
seeds of Petunia infected with tobacco mosaic virus were made 
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by Hosokawa 8. Mori (1983). It was shown that the virus multiplied 
abundantly in the tissues of the stigma and style at the time of 
flowering, whereas in pollen tubes elongating into these organs, 
no participles were observed. Virus particles became detectable 
in an ovule tissue 4 days after flowering and thereafter in the 
ovule integument or seed coat, however embryo and endosperm 
were seen to be virus free. Infectivity of the virus was lost in 
the seed coat as soon as the seed matured, hence.indicating the 
non-transmission of TMV in petunia through seed. Hypersensitivity 
or systemic infection was evoked by different species of Petunia 
namely P. axillaris, P. hybrida« P. inflata. P. parodii and 
P. violacea with different strains of tobacco mosaic virus 
(Marchoux et ai*, 1983). The spp. and lines showed differential 
behaviour towards a given TMV strain, while specific reactions 
were induced by different strains in the given lines. LFD-Str. 
of TMV isolated-from an immature fruit of streak diseased tomato 
plant (Oshima ^£1,., 1982), caused necrotic local lesions on 
the inoculated leaves of several tobacco cultivars, Nicotiana 
spp,. Petunia and Chenopodiurn amaranticolor. but " no 
symptoms were produced on Phaseolus vulgaris. A strain of 
TMV isolated from diseased Capsicum annuum plants (Erkan & 
Yorganci, 1983) was inoculated to tomato, Gomphrena globosa. 
Phaseolus vulgaris and Petunia hybrida. The virus induced 
systemic lesions on P. hybrida. Nicoud et al^ . (1987, 1988) 
studied the hypersensitive reactions in Petunia axillaris W. 
when inoculated with TMV under experimental conditions. 
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Petunia was reported to be infected experimentally when 
inoculated by tobacco necrosis virus isolated from Samsun tobacco 
plants {Roland, 1957). Artificial infection of Petunia hybrida by 
unstable isolates of tobacco rattle virus was reported by Was 
(1978) and DijKstra et al_. (1981). 
There are several reports of tobacco ringspot virus 
regarding their infection on Petunia under experimental conditions. 
Cheo & Zaumeyer (1952) reported the infection of Petunia under 
laboratory condition by tobacco ringspot virus (TRV). Steere (1956) 
maintained tobacco ringspot virus culture on tobacco and Petunia 
plants. 
Sap from diseased petunia plants was used for purification. 
Verma et al,. (1962) isolated a strain of tobacco ringspot virus 
and transmitted it mechanically to Phaseolus sp., Cowpea, Petunia. 
Solanum sp. and White Burley tobacco. Systemic apical necrosis in 
Petunia violacea was caused by a strain of tobacco ringspot virus 
isolated from peruvian potato cvs. (Fribourg, 1977), 
Tomato aspermy virus was transmitted mechanically to 
Nicotiana qlutinosa. N, rustica. White Burley tobacco, Petunia. 
Zinnia. Tetraqonia expansa and Gomphrena qlobosa. However, the 
virus was found to be identical with chrysanthenum mosaic virus. 
A mechanically transmissible virus isolated from chryanthemum 
plants and identified as tomato aspermy virus was transmitted to 
various hosts, of which tobacco vars. Samsun & Xanthi, Nicotiana 
qlutinosa and Petunia hybrida Vilm. were found most susceptible 
(Mokra, 1971). While studying the properties and host range of 
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tomato aspermy virus isolated from Chrysanthemum indicum plants, 
Chuyan & Krylov (1979) inoculated the virus into Nicotiana rustica. 
Petunia and Datura stramonium, in which typical enations were 
produced. Smith (1946) reported infection on Petunia by Tomato 
black ring virus under experimental conditions. 
Petunia as a host plant in glass house experiments is 
reported by many authors. Bercks and Mischke (1964) for the first 
time reported the isolation of tomato ringspot virus from a 
naturally infected sweet cherry. The virus was transmitted to 
Petunia, tobacco and some other test plants. Tomato black ring 
virus isolated from Jules sandeaux phlox plants (Ryden, 1965) and 
TBRV and its str, beet ringspot virus (Roland, 1969) were transmittec 
"^o Petunia and other host plants by sap inoculation. Tomato bunchy 
top virus (McClean, 1935) has been transmitted to Solanum aculea-
tissimum, S. aculeastrum, Nicandra physaloides. Physalis anqulata. 
p. viscosa. tobacco, eggplant, P. peruviana. Petunia. Capsium 
annuum and potato. 
Petty et al,. (1988) studied the systemic infection of 
Petunia by mechanical inoculation with tomato golden mosaic virus. 
Mechanically inoculated Petunia hybrida F1 hybrid Resisto mixed 
plants showed circular yellow lesions on the inoculated leaves 
2 weeks after inoculation. After 4-6 weeks young leaves also 
showed similar symptoms. Single stranded DNA was isolated from 
the purified virus preparations using systemically infected 
petunia leaves. 
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Tomato ringspot virus isolated from Hydrangea macrophylla 
(Brierley, 1954) and from tomato (Jordovic, 1972, Silberschmidt, 
1963) from raspberry (Jordovic, 1972), induced systemic symptoms 
on Petunia and Tomato ringspot virus isolated from tomato (Ryden, 
1972) caused necrotic and systemic symptoms on Petunia. Preliminary 
studies were made on the spread and local lesion host of tomato 
ringspot virus in Minia, Egypt, by Ouf et al, (1991). Tobacco 
cultivars Havana 38 and Xanthi, Petunia hybrida, Chenopodium 
amaranticolor and Datura stramanium were found to be good local 
lesion hosts. Tomato spotted wilt virus has an almost unlimited 
host range. Different workers have used petunia at different 
times as a test plant for tomato spotted wilt virus. While 
investigating virus diseases of plants particularly the spotted 
wilt of tomatoes, Pittman (1934) reported the occurrence of mild 
injuries on Petunia due to tomato spotted wilt virus. Transmission 
of the virus to petunia by inoculation experiments was also 
reported by Gardner & Whipple (1934) and Berkeley (1935). Tomato 
spotted wilt virus was isolated from tomato and tobacco plants 
(Delle and Zabala, 1946) and the diseased sap from the infective 
plants was inoculated to a number of host plants including Petunia 
hybrida. The plants reacted positively. 
In a report from the East African plant Qurantine station 
Sheffield (1935) stated that small importations of ornamentals 
may be symptomless carriers of TSWV. They were tested seprately 
for the virus by mechanical transmission to petunia. Taylor & Smith 
(1962) investigated a virus disease of peppers in Victoria. The 
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causative organism was found to be tomato spotted wilt virus. The 
virus was readily transmitted from diseased pepper plants to 
Petunia and Datura stramonium. Local lesions were produced on 
petunia when inoculated with TSWV (Steinberg, 1960) and the 
numoer and size of local lesions were reduced on the application 
of Kinetin (Selman, 1964). 
Trujillo & Gonsalves (1966) isolated TSWV from papaya plants. 
Symptoms developed on inoculating the virus to tobacco var. Turkish 
and tomato. The sap from tobacco induced systemic symptoms on 
papaw in 6 weeks whereas local lesions were developed on Petunia 
in 4B hrs and on Nicotiana qlutinosa in 3-5 days. Reports of 
infection on Petunia inoculated with tomato spotted wilt virus, 
were also given by Vlasov & Antonov (1967) and Inouye 8. Inouye 
(1972). 
After the literature survey, a need was felt to mention 
the infections caused by turnip mosaic virus on petunia when 
inoculated by the virus manually. A sap transmissible virus was 
isolated from swedes in Ontaria (Berkeley 8. Weintraub, 1952) and 
was transmitted to tobacco, Nicotiana qlutinosa. turnip, cabbage, 
mustard, stock (Mathiola sp.) Wallflower. Petunia, pepper grass 
(Lepidium sativum) and Shepherd's purse (Capsella bursapastoris). 
Only primary symptoms developed on tobacco but Petunia and other 
hosts contracted systemic infection. Beemster (1957) carried out 
sap inoculation experiments with turnip mosaic virus and found 
that Petunia and sixteen other hosts are infected. Electron 
microscopic studies made by Hayashi et ad. (1965) revealed that 
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three types of virus structures were observed in thin sections 
of Brassica rapa and Petunia leaves. 
Petunia hybrida was also infected by mechanically transmi-
ssible Watercress chlorotic leaf spot virus (Tomlinson & Hunt, 
1987) and by Watercress yellow spot virus (Spire, 1962). 
DISEASES CAUSED BY BIOLOGICALLY TRANSMITTED VIRUSES 
Petunia gets infected by viruses naturally and also by 
manual sap inoculation. It would be of great importance to mention 
the diseases caused by viruses which get transmitted through 
biological means (nematodes, insects, dodder, seed and graft 
transmissions). 
Viruses transmitted by nematodes to Petunia 
Several workers have reported nematode transmission of 
Arabis mosaic virus to Petunia, In an annual report of East 
Mailing Research Station (I960) on a technique for the serial 
transfer of nematodes. Xiphinema diversicaudaturo was found the 
carier of Arabis mosaic virus to petunia seedlings after a 
minimun acquisition feeding period of 1 day and a test feeding of 
3 days. Transmission of Arabis mosaic virus to Petunia through 
Xiphinema diversicaudatum was also reported by Fritzsche, 1975, 
Valdez, 1972; Filigarova & Polak, 1983 and Bellardi & Tacconi, 
1987, Raspberry yellow dwarf virus (Arabis mosaic virus str.) was 
shown to be transmitted by Xiphinema paraelonqatum Althera and 
Xiphinema n, sp., from Petunia to Petunia in the glass house at 
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at 22-25°C. Typical symptoms were produced on Chenopodium quinoa 
and C. murale by scrapings from the infected Petunia roots 
(Fritzsche & Schmidt, 1963). 
Graft transmitted viruses on Petunia : 
Aster yellows virus (Oshima & Nemoto, 1964), Sugar beet 
curly top virus (Fulton, 1955) and tobacco leaf curl virus 
(Pal & Tandon, 1937) were shown to be transmitted by grafting to 
petunia. 
Viruses transmitted by Dodder : 
Several viruses causing diseases on Petunia have been 
reported to be transmitted through dodder. The Annual Report 
of the Commonwealth of Australia Scientific and Industrial 
Research Organisation, reports studies on Lucerne witches broom 
possibly caused by tomato big bud virus. The disease had been 
transmitted successfully by Cuscuta campertris and by grafting to 
Petunia and some other hosts. Experiments carried out to study the 
host range of tobacco stem mottle virus (Schmelzer, 1955), Cascuta 
campestris was found to transmit the virus to about 50 plant 
species including P. hybrida. While studying the relationship 
between the viruses of Tomato stolbur and Aster yellows, Protsenko 
(1958) reported that Aster yellows virus from naturally infected 
Cineraria plants was transmitted to Petunia and from petunia to 
tobacco plants by means of Cuscuta europea. The symptoms were 
deformation and greening of the corolla, while the calyx hardly 
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changed and chlorosis of the leaves with slight deformation and 
a tendency to roll. Aster yellows virus was also transmitted by 
Cuscuta europea from Cirsium arvense to Petunia hybrida (Protsenko, 
1960). 
Viruses transmitted through seeds : 
Arabis mosaic virus (Lister, 1960) and tobacco ringspot 
virus (Kowaiska, 1971) were shown to be seed borne in Petunia. 
Insect transmission of viruses to Petunia : 
Aphid transmission of cowpea mosaic virus isolated from 
cowpea in Italy was studied for host range by Vidano 8. Conti (1965). 
The virus was transmitted to Triqonella foenum-graceum. soybean, 
Petunia hybrida, and Physalis floridana by the aphid Myzus persicae. 
Transmission experiments on prunus latent virus carried out by 
Proeseler (1968) showed that the virus was transmitted to several 
species of Chenopodium, Petunia hybrida and Nicandra physaloides 
by mites. Infection occured after a feeding period of a few min, 
1 hr being optimum for the maximum number of local lesions 24 hours 
was necessary. Both larvae and adults were responsible for carrying 
the virus. 
Disease caused by viroids and Mycoplasma like organisms : 
Several viroids and mycoplasma like organisms also cause 
diseases on Petunia. While studying the host range of potato 
spindle tuber viroid Singh (1973) found that the viroid was 
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transmitted to Petunia hybrida cv, Burpee Blue and other host 
plants belonging to Boraginaceae, Campanulaceae, Caryophyllaceae, 
Compositae, Convolvulaceae, Dipsaceae, Sapindaceae, Scrophulariaceae 
and Valerianaceae. The transmission of potato spindle tuber viroid 
^^ Petunia hybrida cv. Burpee Blue was also reported by Semancik 
et al. (1973) and Fazio et al. (1977). Obrien & Raymer (1963) 
while studying transmission of Potato spindle tuber virus reported 
some symptomless hosts of the virus viz., Petunia hybrida var. 
Flaming volvet, Nicotiana rustica. N. debneyi and Physallis 
peruviana. The disease caused is now known to be due to a viroid 
Mycoplasma like organisms have also been shown to cause 
diseases on petunia. The disease inducing agents (MLO) were found 
associated with Paulownia Witches broom, gentian witches broom. 
Petunia aster yellows, Japanese honewort witches broom and mulbery 
dwarf, were isolated from the petioles and veins of the plants 
and cultured (Teranaka & Otsuka, 1973). Vlasov (1980) found 
Catharanthus roseus and Petunia as best indicators of the 
mycoplasmas. Plants infected were seedless. A study was made by 
Petzold & Marwitz (1984) on the flourescence in sieve tubes of 
mycoplasma infected plants. The plants of Catharanthus roseus 
infected with aster yellows or citrus stubborn disease, and Petunia 
hybrida infected with Solanum marginatum big bud disease showed 
a consequent fluorescence after aldehyde fixation and paraffin 
embedding. This kind of flourescence produced may offer a new 
possibility in detecting MLO infections of plants. 
PLAN OF WORK AND METHODS 
1. Maintenance of virus inoculum : 
1.1 Raising of test plants : 
Plants will be grown in clay pots of 4 and 6" diameter, 
filled with a mixture of soil and compost in a ratio of 2:1. 
The soil mixture will be steam sterilized by autoclaving for 
one hour at a pressure of 20 lb per square inch. Pots will be 
sterilized by rinsing with 4 per cent formalin solution and 
prepared by filling with sterilized soil mixture autoclaved 
24 hours earlier and sieved before use. 
Formalin rinsed wooden trays (I8"x18''x5") containing 
sterilized soil mixture will be used in raising seedlings. 
Young seedlings of uniform size will be transplanted singly 
to 6" pots containing autoclaved soil and form yard manure. 
Plants belonging to families Cucurbitaceae and Leguminosae 
will be raised singly by direct sowing in clay-pots. For 
inoculations, plants will be used two weeks after transplan-
tations. All the plants will be raised and kept in an insect 
proof glasshouse (20-30°C, normal day length). Plants will be 
given uniform care in all respects including fertilizer, water 
and other requirements. 
1.2 Virus culture : 
Virus culture will be made from naturally infected plants 
showing symptoms of virus infection and established on suitable 
propagation host by manual sap inoculations. Attempts of single 
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lession inoculations will be njade to maintain a pure virus 
culture. Once the culture of the virus has been established 
on a suitable host, it will be kept active by fresh inoculations 
at regular intervals on vigorously growing healthy seedlings 
of propagation host, 
1.3 Source of inoculum : 
Leaves from infected propagation host plants will be 
used as source of inoculum. Inoculum will be prepared by 
macerating them in a mortar with pestle in 0.1 M phosphate 
buffer pH 7.0. The macerate will be filtered through a double 
layered cheese cloth and the sap thus obtained will be used as 
a standard inoculum. 
2. Transmission : 
2,1 Mechanical : 
Standard inoculum will be inoculated to the healthy 
plants tested for the virus susceptibility. The fully expanded 
leaves of the plants to be inoculated will be dusted uniformly 
with carborandum 500 mesh and the standard inoculum will be 
applied gently but firmly on the upper surface of the leaves 
with the help of forefinger. The inoculated leaves will be 
rinsed with gentle stream of water before the inoculum on the 
surface of leaves dries up. If the rate of transmission is not 
promising, some chemicals will be mixed with the inoculum so as 
to enhance the rate of transmission. Additive in the inoculum 
will include sodium sulfite, 2-mercapto-ethanol, ethylene 
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diauiine-tetracatic acid, sodium die thyl-di th io carbamate and 
th io-glycol ic acid e i ther alone or in various possible 
combinations if needed. 
2,2 Biological : 
Attempts will be made to find out the vector of virus 
in the f i e ld . Transmission by insec ts , so i l , dodder (Cuscuta 
spp.)» seeds, graft and pollen wil l be studied. 
2.2.1 Insect transmission : 
2.2.2 Transmission by aphids : 
Adult aphids found transmitting the disease during 
preliminary investigations will be used to study aphid-virus 
relationship (non-persistent, persistent or semi-persistent). 
2.2.3 Raising of virus free aphids : 
Adult viviparous aphids will be starved in a petridish 
for 2,4,6 & 8 hr at room temperature. After starvation the 
aphids will be placed on a detached leaf of an appropriate 
healthy host plant in a petridish. The inner surface of the 
petridish will be covered with wet filter paper so as to make 
the atmosphere humid inside the petridish. Newly borne nymphs 
will be transfered to a fresh and healthy plant immune to the 
virus to be studied. The aphid colonies thus developed will be 
virus free. Transfer of aphids from one plant to another will 
be done with the help of a camel»s hair brush. 
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2,2.4 Mode of transmission : 
Following procedures will be adopted to ascertain the 
mode of transmission. 
(a) Non-persistent : 
1. Pre-acquisition starvation period 4-8 h 
2. Acquisition access period 1-2 min 
3. Inoculation access period 24 h 
4. Number of aphids per plant 10 
Virus free aphids will be first starved for 4-8 h in 
a glass vial before an acquisition access feeding of 1-2 min 
on the detached leaf of a diseased plant on moist filter paper 
in a petridish. After acquisition access, 10 aphids will be 
transferred to each healthy seedling of test plants for an 
inoculation feeding period of 24 h. The aphids after the end 
of inoculation feeding will be killed by spraying with an 
insecticide. The test plants will be kept in an insect proof 
glass house for observation, 
(b) Persistent ; 
1. Acquisition access period 24 h 
2. Inoculation access period 48 h 
3. Number of aphids per plant 10 
In this test, aphids will be given 24 h acquisition 
access on diseased leaves placed on a moist filter paper in a 
petridish, without giving them any pre-acquisition starvation. 
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After the coraplition of acquisition feeding, 10 aphids will be 
transferred to each test plant and will be given an inoculation 
feeding time of 48 h. The inoculation access will be terminated 
by spraying the plant with an aphidicide. The test plants will 
be kept in an insect proof glass house for the observation of 
symptoms. Back inoculations from the plants on which aphids 
were given inoculation feedings will be made on appropriate 
diagnostic host. 
2.3 Transmission by white flies : 
2.3.1 Source of virus free whiteflies : 
Whiteflies (Bemisia tabaci Genn.) collected from 
Clitoria turnatea will be caged on a healthy plant of C. turnate< 
for egg laying. After. 10 days the adults will be removed from 
the cage. New whitefly adults developing after 7-8 days ( in 
summer) would be further multiplied. Insect colonies so raised 
will be virus free and would be used for transmission studies. 
2.3.2 Handling of whiteflies : 
Same method as used b^ Srivastava e^ £1,. (1977) will be 
ascertained for the handling of whiteflies. 
2.3.3 Transmission : 
Non-viruliferous whiteflies would be allowed for 
acquisition and inoculation access periods of 24 h each on 
diseased and healthy plants, respectively. Rogor (0.1%) will 
be sprayed to kell the whiteflies after the end of inoculation 
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feeding. The test plants will be kept for a month for 
oDservation of symptoms. 
2.4 Graft : 
Attempts will be made for side and wedge grafting. 
Infected scions will be grafted on healthy stock and kept under 
appropriate light and humidity conditions to allow successful 
union wrfiich is necessary for transmission. 
2 .5 Soil transmission : 
Soil around the naturally infected plants will be 
collected from the field and sieved to remove roots and 
debris etc. Such soil will be divided into two parts. One 
part will be filled in a gunny bag and will be autoclaved at 
15 Ibs/m for 30 minutes and the other part of soil will be 
left unautoclaved and will be filled in pots as such. Seeds 
will be sown in pots containing sterilized and unsterilized 
soil. Plants of both the sets will be kept for observation in 
an insect proof glass house for a period of two months. Back 
inoculation tests will be carried out to ascertain the presence 
of virus on them. 
Any appearance of the symptoms in the seedlings grown 
in unautoclaved Soil will indicate the presence of soil borne 
vectors or the seed transmissible nature of virus. Soil borne 
vectors may be either nematodes or fungi. 
49 
2.5.1 Search for fungal vector : 
Roots of naturally infected plants not watered from 
2-3 days will be immersed in double distilled water for 
15-30 min. The suspension will be tested in two ways : 
(i) Syspension will be poured around the roots of 
healthy test seedlings. Development of symptoms on such test 
plants will indicate that the Zoospores carried the virus 
internally, 
(ii) Fungal suspension obtained as described above will 
be mixed with the standard virus inoculum. The mixture will 
be allowed to incubate for 15 minutes and thereafter poured 
around the roots of healthy test seedlings. Symptom development 
if any will indicate the association of fungal vector carrying 
the virus externally on Zoospores. 
2.5.2 Search for .nematode vectors : 
Nematodes from the soil samples collected from the 
field of naturally infected plants will be isolated using 
conventional decanting and sieving procedure (Cobb, 1918) or 
by using the apparatus developed by Oostenbrink (1960). 
To assure whether the nematode isolated from soil 
samples carry virus or not, the following tests will be done. 
(a) A drop of concentrated nematode suspension on a 
glass slide will be macerated with a glass spatula and 
inoculated on the leaves of local lesion host. 
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(b) Nematode suspension will be poured around the roots 
jof test plants. The plants will be kept for the observation of 
the symptoms for about two months. 
Species of Lonqidorus. Trichodorus and Xiphinema known 
as the vectors of some viruses isolated from the soil samples 
will be poured around the roots of healthy test plants. Nematode 
inoculated plants will be observed for the development of symptoms 
for about two months. 
Similarly varying number of nematodes isolated will be 
poured around the roots of virus infected plants in the glass 
house mechanically inoculated. After an acquisition feeding of 
15 days, infected plants will be uprooted and the healthy ones 
will be planted in the same pots. Plants will be kept for the 
observation of symptoms. Back inoculations from all nematode 
inoculated plants will be made on a local lesion host. 
In case of positive observations the studies will be 
extended to identify the specific nematode species acting as 
vectors and its relationship with the virus under investigation. 
2.6 Transmission through seeds : 
Seeds will be collected from the mechanically inoculated 
plants. After drying the seeds they will be sown in a wooden 
tray containing sterilized soil mixture. The seeds germinating 
will be counted. The number of healthy and diseased plants, 
if any, in the tray will be counted. To compare their percentage 
viability seeds from healthy plants will be treated in the same 
way. 
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Seed transmissible nature of the virus under investigation 
will be tested by employing the following methods. 
(a) By macerating the seeds from diseased plants in 
0.1M phosphate buffer pH 7,0, giving macerate a low speed 
centrifugation and inoculating the sap thus obtained on the 
local lesion host. 
(b) By keeping the plants, developed from the seeds 
collected from diseased plants inside the insect proof 
glasshouse for about one month to observe the development of 
symptoms. 
(c) By inoculating sap obtained from the young seedlings 
developed from seeds collected from diseased plants on local 
lesion host. 
2,7 Dodder transmission : 
Seeds of dodder (Cuscuta sp.) will be germinated on 
moist filter paper placed in petriplates and then transferred 
in 12" clay pots containing sterilized soil mixture. Plants 
will be trained on a suitable host plant, after attaining a 
height of about 6 inches. The host plant will be inocuiated 
after one week. After the establishment of the dodder on the 
host plant, another pot containing a healthy test plant will be 
placed adjacent to the pot containing dodder established 
inoculated plant and the tips of the dodder branches will be 
placed on the healthy test plant. The plants thus inoculated 
will be kept for observation for the symptom development for 
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about 6 weeks. Back inoculations will be made on local lesion 
host to confirm the presence of the virus transmitted by 
dodder. 
2,8 Transmission through pollen : 
To determine the transmission of virus through pollen, 
method used by Frosheiser (1974) will be followed, 
3. Host range studies : 
A large number of plant species (including economically 
important plants, ornamentals and weeds) belonging to different 
families will be screened for the susceptibility to the virus 
under investigation. At a time 3-5 plants of each species 
will be inoculated, using standard inoculum for inoculation 
and the same number of plants will be kept as control. The 
inoculated plants will be kept for the observation of symptoms 
at least for about two months. The severiety of the symptoms 
will be noted. Plants exhibiting no symptoms will be kept for 
about 8 weeks for observation. Back inoculations will be made 
to a test plant from all the inoculated plants. 
4, Virus vector relationship : 
To establish the relationship between virus and the 
vector, the method would depend on the type of the vector 
group involved in transmission. However, in general, the 
variabilities including number of insect per plant, different 
pre-acquisition star\/ation periods, varying acquisition and 
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inoculation access periods will be worked out along with 
effect of moulting of insect on various retention and latent 
period in the vector. 
5.1 Concentration of virus in Host : 
To determine the virus concentration in different 
parts of the plant, 10-15 days earlier inoculated plants will 
be uprooted carefully and washed. The plants will be blotter 
dried. Root, stem and leaf tissues will be cut seperately into 
pieces. Equal amount or root, stem and leaf tissue will be 
macerated seperately in mortar and pestile using a suitable 
buffer. The macerate will be filtered through two layers of 
cheese cloth. Sap obtained from each sample will be inoculated 
seperately on a local lesion host using usual method of 
inoculation. 
6.2 Selection of a suitable propagation host and an assay 
host ; 
Several plants, susceptible to the virus and showing 
prominent symptoms will be studied to select a suitable 
propagation host. A plant showing the following characters 
will be selected, 
i) rapid germination and fast growth, 
ii) short incubation period of the virus, 
iii) peak concentration of the virus within a short period 
after inoculation, 
iv) absence of virus inhibitors. 
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v) more yield of infected tissue with good virus 
concentration. 
Assay of the virus will be carried on a local lesion 
host. To select a local lesion host, several plants commonly 
used as assay hosts of different viruses will be tested. Amongst 
them a plant which reacts with discrete local lesions to the 
virus being studied will be selected and used as an assay host. 
In case of more local lesion hosts, a plant with following 
characters will be selected, 
i) rapid germination and fast growth, 
ii) large leaves, 
iii) good number of inoculable leaves, 
iv) short incubation period of the virus. 
v) production of easily countable local'lesions. 
Howeve.r, assay tests of the virus will be carried out 
on a systemic host, in case of a non-availibility of a local 
lesion host. 
7, Biophysical properties ; 
Methods as detailed by Noordam (1973) will be employed 
in ascertaining thermal inactivation point, dilution end point, 
and longivity i^n vitro. 
7.1 Dilution end point : 
By adding suitable buffer, ten fold dilutions (10" , 
10"^, 10"^, 10"^) will be made of the sap 
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obtained from the young infected leaves of the propagation 
host after grinding them in a mortar with pestle. Each sample 
will be inoculated onto the leaves of the local lesion host 
following the usual method of sap inoculation. The dilution at 
which virus loses its infectivity will be determined. 
7.2 Thermal inactivation point : 
The sap obtained by macerating the young infected leaves 
of the propagationn host in a suitable buffer in a mortar with 
pestle and filtering through two layers of cheese cloth will 
be divided into 12 aliquots of 5 ml each and kept in glass 
vials. The glass vials will be held in a water bath in such a 
way that the sap level in the vial is below the water level 
in the bath. The different aliquots will be heated at 40, 45, 
50 85, 90°C for ten minutes and cooled under running 
tap water, immediately after heating. Each heated aliquot will 
be inoculated on the leavels of a local lesion host. One 
aliquot left at room temperature will also be inoculated. 
7.3 Longevity in yitro : 
7.3,1 In sap : 
Infected leaves of the propagation host will be 
homogenised in a suitable buffer with the help of a mortar and 
pestle. The homogenate will be filtered through a double 
layered cheese cloth and the sap, thus obtained, will be kept 
at room temperature (20-25°C). After every 6 h interval, a 
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small amount of the sap will be taken and inoculated on the 
leaves of the local lesion host. The process will be continued 
for several days. Local lesions will be counted on the inoculatec 
leaves for each interval and the time after which the virus 
loses its infectivity will be recorded. 
7.3.2 In dried leaves ; 
Young infected leaves of the propagation host will be 
cut into small pieces and dried over anhydrous calcium 
chloride in a desicator. After every 24 h interval, such 
pieces will be homogenised in a suitable buffer, in a mortar 
with pestle. The sap obtained after passing through a double 
layered cheese cloth will be inoculated onto the leaves of 
local lesion host. This will be continued upto the time the 
virus loses its infectivity in the tissue dried over anhydrous 
calcium chloride. 
7.4 Effect of various buffers on the infectivity : 
Various buffers (Phosphate, borate, citrate, acetate, 
glycine-NaOH and tris-HCl) at different pH and molarities 
will be used and tested to work out the most suitable one in 
which virus infectivity is retained most. 
Young infected leaves will be macerated in mortar with 
pestle using one of the above mentioned buffers as extraction 
medium. The macerate after passing through a double layered 
cheese cloth will be inoculated onto the leaves of a local 
lesion host following the usual method of inoculation. All 
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the buffers will be treated in the same way and a buffer at 
a pH and molarity in which virus infectivity is comperatively 
higher will be selected and used regularly as an extraction 
medium for the virus being studied, 
7,5 Effect of various additives on virus infectivity : 
To find out whether the stability and the infectivity 
of the virus will get increased, several additives (Sodium 
sulfite, DIECA, EDTA, Sodium thioglycollate, mercaptoethanol) 
will be used. In case, the infectivity gets enhanced, the 
most suitable additive will be selected and routinely added to 
the medium for virus extraction. 
8, Purification : 
After selecting a suitable buffer, an assay host, a 
propagation host and biophysical properties, attempts will 
be made to purify the virus under investigation. 
8.1 Clarification of sap : 
Infected leaves of a propagation host will be macerated 
in a suitable extraction medium in a mortar with a pestle. The 
macerate will be squeezed through a double layered cheese cloth. 
The sap thus obtained will be given a low speed centrifugation 
at 5000 g for 10 minutes. The supernatant (sap) will be 
subjected to various clarification procedures. 
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8.1.1 Celite and charcoal : 
Celite and activated charcoal will be mixed with sap 
at the rate of 5g per 100 ml, either seperately or in 
combination. When both are to be used, 5g of activated 
charcoal will be mixed with 100 ml of sap and after 1/2 minute 
stirring 5g of celite will be added. After incubating the 
mixture of sap and adsorbents for 2 minutes with simultaneous 
shaking, the adsorbents will be removed from the sap by the 
following methods, 
(a) Centrifugation at 2000 rpm for 5 minutes; 
(b) Filteration through Buchner funnel supported by 
a 2-3 mm thick celite pad and filter paper 
(Watman No.1) and 
(c) Filteration through a filter paper (Watman No.1) 
only in a Buchner funnel, 
8.1.2 Organic solvents : 
Organic solvents (such as butanol, chloroform, ethyl 
alcohol, carbon tetrachloride and diethylether) either 
seperately or in combination such as (chloroform-butanol) 
will be used in two ways for the removal of the extraneous 
plant material from the infected tissue. 
(a) By macerating the tissue along with a mixture of 
suitable buffer and organic solvents, or 
(b) By adding requisite amount of solvent in crude sap 
obtained after macerating the infected tissue in 
buffer and filtering through two layers of cheese 
cloth. 
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The mixture will be incubated for 30 minutes and then 
centrifuged at SOOOg for 15 minutes. The aqueous layer will 
be seperated. The effect of solvent on the virus infectivity 
will be tested by assaying the aqueous layer for active virus 
content on a local lesion host. 
8.1.3 Calcium phosphate qel : 
The gel will be prepared by mixing O.IM sodium dibasic 
hydrogen phosphate (Na2H PO^ 2H2O) and O.IM calcium chloride 
(Gel) in equal volume. The mixture after continuous stirring 
for 15 minutes will be allowed to settle. The supernatant will 
be decanted. To the remaining precipitate double distilled 
water will be added and the resuspended precipitate will again 
be allowed to settle down. In this way precipitate (gel) will 
be washed 15-20 times to assure the removal of chloride ions 
(Cl"). Finally it will be equillibrated with phosphate buffer 
(0.1M pH 7.0). Such freshly prepared gel will be mixed with 
sap obtained after low speed (5000 g for 10 minutes) centri-
fugation of the crude sap, stirred vigorously and centrifuged 
for 5 minutes at 5000 g. The clear supernatant will be 
assayed for virus activity on local lesion host, 
8.4. Silver nitrate ; 
Different volumes of 1 per cent silver solution will be 
added drop by drop to the standard inoculum (1/5) and stirred 
simultaneously. The mixture will be left at room temperature 
for 30 minutes and, thereafter, centrifuged at 5 000 g for 
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15 minutes. The supernatant thus obtained will be bioassayed 
on local lesion host for virus infectivity. 
For the purification of the virus being studied, one 
of the purification methods mentioned above, will be 
standardized and used. 
8.2 Concentration of virus : 
Infectious sap obtained after clarification treatment 
as detailed above will be used for concentration of virus 
by any of the following methods. 
8.2.1 Differential centrifuqation : 
Ultracentrifugation will be done in model L-50 
Beckman preparative ultracentrifuge using rotor type 50. 
Normally, high speed centrifugation will be done at 97,000 g 
unless otherwise stated. The pellet, thus obtained will be 
dissolved in a suitable buffer. Low speed centrifugation will 
be performed at 10,000 g in a Remi T-24 centrifuge. The number 
of cycles and the time of centrifugation at different rpm 
will be worked out keeping in view the stability of the virus 
and its sedimentation. Activity of different samples in 
supernatant and the pellet will be assayed on local lesion 
assay host. 
8.2.2 Precipitation : 
8.2.2.1 Polyethylene glycol (PEG) : 
Polyethylene glycol 6,000 MW will be used for pre-
cipitating the virus in clarified sap. Precipitation of the 
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virus will be tried with 2,4,6,8,10 and 12 per cent PEG 
seperately. In every case, the variation in salt (Nacl) 
concentration and its impact on precipitation of the virus 
will be standardized. After the addition of requisite quantity 
of PEG and Nacl to clarified sap, the mixture will be stirred 
on a mangnetic stirrer till both (PEG and Nacl) are dissolved 
completely and kept in a refrigerator at 4 to S°C for 6 h to 
allow complete precipitation. 
8,2.2.2 Ammonium sulphate ; 
Different quantities (10-40^) of ammonium sulphate 
{IM^)^ SO4 (W/V) will be added to clarified sap (1/1). The 
mixture will be stirred at 8 +2°C in an ice bucket till the 
{IM^)2 SO4 crystals dissolve completely. The mixture will 
then be incubated at 4 +1°C for 2 h and centrifuged at 
5,000 g for 15 minutes to collect the precipitate. 
The pellets obtained by PEG and (NH^)2 SO4 precipita-
tion will be dissolved seperately in a suitable buffer and 
recentrifuged at 5,000 g for 5 minutes. Supernatant thus 
obtained will be assayed on local lesion host. 
9 Further purification by density gradient centrifuqation 
Concentrated virus samples obtained by the methods 
detailed above will be subjected to further purification 
using density gradient centrifugation (Brakke, 1951, i960). 
Linear sucrose gradient columns will be prepared by layering 
7,7,7 and 4 ml of 0.1M phosphate buffer 'pH 7.0 having 400, 
62 
300, 200 and 100 mg of sucrose per ml, respectively, in a 1x3" tube. 
The sucrose solutions of different concentrations will be layered 
using a pipette with a broad orifice. 
The heaviest solution will be layered first and the solutions 
of decreasing concentration will be layered on the top of each 
other. The columns will be used after standing for 24 h in a 
refrigerator. Usually 2 ml of the virus preparation will be floated 
on top of the colimn and the column will be centrifuged immediately 
after floating the virus preparation to avoid droplet sedimentation. 
The columns will be centrifuged in SW 25,1 rotor in L-50 preparative 
ultracentrifuge. The acceleration upto a few hundred rpm will be 
made gradually. The tubes will be centrifuged for 2V2-4 h. After 
centrifugation the tubes will be examined in a dark room by 
projecting a narrow beam of light down the tube from the top. The 
virus zone scattering the light will be removed from the tubes by 
20 guaze 10 cm long needle bent twice at right angles and attached 
to a hypodermic syringe. 
10 UV spectrophotometry : 
Virus preparations will be examined in a Beckman DU-2 model 
ultraviolet absorption spectrophotometer to evaluate the different 
methods of purification and to ascertain the purity of isolated 
virus. 
Ultraviolet radiations are absorbed in a characteristic 
manner by the virus (nucleoprotein) containing solutions. 
Absorbance of samples will be studied in UV range (230-320 nm) 
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and graphs will be plotted. Values of A-max/min, A-280/260, 
A-260/2S0 will be calculated to know the approximate 
percentage of nucleic acid* 
11 Electron microscopy : 
Morphology (shape and si?e) of the virus particles will 
De studied in an electron microscope. 
11.1 Leaf dip method : 
The method of Brandes (1964) will be followed for leaf 
dip preparations. One drop each of 2 per cent potassium 
phosphotungstic acid (PTA) and uranyl acetate will be placed 
separately on several formvar coated Copper grids having carbon 
Packing. The freshly cut ends of infected leaves will be 
dipped in the drop for 2-4 seconds. Such grids will be allowed 
to dry for sometime and thereafter examined under electron 
microscope at various magnifications. 
11.2 Procedure with purified virus preparation : 
A small droplet of purified virus preparation will be 
placed on formvar coated copper grids having carbon Backing, 
then a small drop of suitable stain (either PTA or uranyl 
acetate) will be added to the virus suspension. The excess 
fluid will be absorbed with a small piece of filter paper 
having a very thin film of fluid on the grids, which will be 
dried at room temperature. Such grids will be examined under 
electron microscope. 
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12 Serology : 
Specific antigen and antibody reaction is one of the 
useful methods either for assigning the virus to a particular 
group or to differentiate it at the strain level. Antisera 
to the virus under stud/ will be prepared for the identifi-
cation of the virus as well as for testing the latent 
infection in certain hosts. Besides, it would also be useful 
for ascertaining the seed transmissible nature of the virus 
through routine serological methods or by enzymelinked 
immunosorbent assay (ELISA). 
12.1 Raising of antisera : 
Young healthy rabbits, approximately 3 lbs in weight 
will be used for production of antiseira. The purified or 
partially purified virus preparation will be used as antigen. 
To work out the effect of route of injection on the 
formation of antibodies as well as titre of the antiserum, 
antigen (virus preparation) will be injected intravenously 
or intramuscularly or in both ways. 
Antigens will be administered intravenously through 
the marginal ear vein of the rabbit using a clinical syringe 
with a fine needle. Five to seven weekly injections of virus 
preparation of 2 ml each will be administered intravenously 
through the marginal vein of the ear. For intramuscular 
injections, antigen will be emulsified with an equal volume 
of Freund's incomplete adjuvant. Two injections of the 
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virus-adjuvant mixture of 3 ml each at an interval of 2 weeks 
will be administered intramuscularly in thigh of the same 
rabbit which has been given intravenous injections of antigen. 
Test bleedings will be made several times from the ear of the 
raboit at different intervals after the administration of 
last intramuscular injection to check the antibody titre in 
serum. After the titre has reached its maximu, the immunized 
rabbits will be finally bled by giving a sharp incission on 
the marginal vein of the ear, which has not been used for 
injecting the antigen. About 10-15 ml of the blood will be 
collected and allowed to clot,at room temperature (20+5°C) for 
2 h and kept overnight in a refrigerator. Serum containing 
antibodies (antiserum) will thereafter be seperated and 
centrifuged at 1,000 rp«n for 5 minutes to remove fibron, blood 
cells etc. The straw, yellow coloured antiserum will be 
collected.and stored for serological studies. 
To identify the virus under investigation upto group 
or strain level, the Outchterlony's double diffusion test 
(Ouchterlony, 1962) will be performed. 
12.2 Ouchterlony double diffusion test : 
One per cent agar will be prepared in 0.859^  saline 
containing 0.1-0.2% sodium azide. Suitable amount of agar 
will be poured into sterilized petridishes so as to get a 
2-3 mm thick agar bed. Using a cork borer of 5 mm diameter, 
wells will be made into the agar and the cut portions of 
agar will be removed by aspiration. The distance between two 
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wells will be kept 5 mm apart. The central well will be 
filled with antiserum. The remaining wells will be loaded 
with various dilutions of antigen made in physiological 
saline (0,85>o Nacl solution) and the clarified sap from 
healthy plant. Such treated petridishes will be incubated 
at room temperature and observed for the formation of 
precipitation lines. 
12.3 Precipitin test in tubes : 
Equal proportions of antisera and antigen after making 
2 fold dilutions in 0,85% saline will be mixed together in 
serological tubes (6x1 cm) and incubated at 37°C in a water 
bath. The formation of precipitate and its intensity will be 
observed using a magnifying lens, 
12.4 Chloroplast agglutination test : 
The methods given by Van Slogteren (1955, 1969) and 
Ball (1961) will be followed. 
In this test, 5 drops of diluted antiserum will be 
mixed with 2 drops of crude infected plant sap on a microscope 
slide. The clumping of small particles would be observed 
under microscope, 
13 Isolation of nudeic acid : 
Phenol detergent method will be used to isolate the 
necleic acid of viruses,. To a 2.5 ml of purified virus 
preparation will be added 0,05 ml of ^^ sodium dodecyl 
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sulphate and 2,6 ml of water saturated phenol. The phenol 
used will be redistilled and stored at 10°C after adding -
distilled water. The mixture will be stirrred in a glass tube 
on a magnetic stirrer for 10 minutes and then centrifuged for 
5 minutes at 3,000 rpm in a clinical centrifuge. The mixture 
will seperate into two layers, the upper aqueous layer and the 
lower phenol layer containing sodium dodecyl sulphate. The top 
aqueous layer will be drawn with a pipette. To the lower phase 
2.5 ml of 0.1M phosphate buffer pH 7.0 will be added and 
stirred for 10 minutes and then centrifuged for 5 minutes at 
3,000 rpm. The aqueous phase will be drawn off and pooled 
together with the aqueous phase obtained at previous step and 
stirred for 10 minutes with an equal volume of phenol followed 
by centrifugation. The aqueous phase will be extracted once 
more with half the volume of phenol. Traces of phenol will be 
removed from the aqueous phase by extraction with ether. The 
nucleic acid will be precipitated by the addition of 2 ml of 
ice-cold ethanol to the solution. The precipitate will be 
pelleted out by centrifugation for 15 minutes at 7,500 rpm. The 
pellet will be suspended in 0.1M phosphate buffer pH 7,0 and 
centrifuged for 15 minutes at 10,000 rpm to remove any 
insoluble material present in the preparation and the 
supernatant thus obtained will be tested for infectivity and 
type (FU^ or DNA) of the nucleic acid. 
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13 .I Infectivity of viral nucleic acid ; 
Infectivity of viral nucleic acid will be assessed 
by inoculating the nucleic acid preparation on the local 
lesion host. Several dilutions of necleic acid preparation 
will be made and inoculated on the local lesion host and 
the number of local lesions developed will oe compared with 
the corresponding dilutions of virus preparation. 
13 .2 Type of nucleic acid : 
Tests will be performed to study the type of sugar. 
Diphenyl amine test for deoxyribose or orcinol test for 
ribose sugar will be used for ascertaining the type of 
nucleic acid in virus under investigation. 
13.3 Percentage of nucleic acid : 
An appropriate percentage of nucleic acid in virion 
will be worked out based on the UV absorption spectrum 
of the purified preparation. The value of the ratio between 
A-280/260 will be used for making an approximation of per cent 
nucleic acid in the virus particles. 
14 Studies on proteins of the virions : 
An attempt will be made using standard methods to 
determine the approximate molecular weight of proteins 
associated with the virions. 
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